Summary A comparison of cytological characters of the selected species of Calyceraceae (Acicarpha) and Dipsacaceae (Dipsacus, Scabiosa) is given, including chromosome numbers, condensing behavior at prophase and description of interphase nuclei. The results corroborate the isolation of Calyceraceae from the Dipsacales s.str. The cytological data are discussed with respect to previous morphological and molecular results. Karyotype description and banding patterns (C-banding and fiuorochromes) are described here for the first time for the genus Acicarpha.
Standard chromosome preparations (HC1/Giemsa) followed the technique described by Guerra (1983) , with minor modifications, as follows: Fixed materials were hydrolyzed in 5 N HC1 for 10-45 min at room temperature and then washed. The materials were transferred to a drop of 45% acetic acid on a microscopic slide, the meristems were carefully separated under a stereomicroscope, covered with a cover slip (18 x 18) and squashed with the aid of a needle . The slide was frozen in liquid N2 and the cover slip was removed using a razor blade. The slides were air dried , stained with a 2% Giemsa solution for 5-20 min and mounted with Euparal or Entellan (Merck) .
C-banding proceeded as described by Schwarzacher et al. (1980) . Fluorochrome double staining with CMA and DAPI was carried out as described by Deumling and Greilhuber (1982) . Karyotypes drawings were obtained from enlarged photographs of metaphase plates with a micrometric scale. Measurements of chromosome maximal sizes were based on drawings of the best 8-10 metaphase plates of each species currently presented . Photomicrographs were taken with Kodak Technical Pan or with Agfa Copex Pan film for visible light and Kodak Tri-X Pan film for fluorescent images.
Results and discussion
The chromosome numbers obtained are listed in the Table 1. All species showed 2n=16 (Figs . 1, 2), with exception of Dipsacus fullonum (2n=18), confirming previous literature data (Sugiura 1936 , 1937 , Frey 1969 , Verlaque 1985 . The first chromosome count is presented for Acicarpha spathulata.
Both Acicarpha species show very similar karyotypes, with mainly metacentric to submetacentric chromosomes with sizes varying between 2.7 and 1.6 pm. In A. tribuloides 6 pairs of metacentric and 2 pairs of submetacentric chromosomes (Fig. 1 c) could be observed with mainly centromeric C-bands (pairs 1 to 5, 7, Fig. 3c ). Telomeric and interstitial bands could be only observed in the pairs 6 and 8, respectivelly (Fig. 3c) . Fluorochrome staining of metaphase spreads in Acicarpha tribuloides revealed only two CMA positive telomeric bands possibly corresponding to the NORs (Fig. 1h) . On the other hand, the interphase nuclei presented 4 CMA positive/DAPI negative bands (Fig. 1 e-f) . No correspondent CMA positive/DAPI negative segments could be visualized in the chromosomes of this Acicarpha species, maybe due to their minute size in the condensed metaphase stage. DAPI positive bands have not been observed in the chromosomes of this species (Fig. 1g) . The Dipsacaceae show larger chromosomes than the Calyceraceae, with sizes varying between 4.1 and 2.0 pm and mostly submetacentric and acrocentric chromosomes (Figs . 2c, e, 3a, b) . No Cbanding could be obtained on Dipsacus and Scabiosa chromosomes, resulting in evenly deep blue stained chromosomes.
The condensing behavior during prophase to prometaphase is also distinct between the two families, with proximal-early condensing behavior in Calyceraceae (Fig . lb) , while Dipsacaceae is intermediary between continuous and proximal-early condensing (Fig. 2b) .
Regarding the interphase nuclei, Acicarpha shows large (diameter up to 22 pm), round areticulate nuclei with 16-18 small sharply delimitated chromocenters (Fig. la) , probably corresponding to the major C bands observed (Figs. 1d, 3c) . Both Dipsacaceae genera studied show otherwise elongated semireticulate interphase nuclei, which are smaller than that of the Calyceraceae (diameter 6-14 gm) and present nebulous, round to elongated chromocenters . In the case of Dipsacus the chromocenters stain dark, are strongly polarized and associate in large cloudy like conformations, avoiding the distinction of their number (Fig. 2a) . Scabiosa presents irregularly distributed chromocenters in number of 30-38, which are smaller and stain lighter (Fig. 2d) than the chromocenters of (Fig. 2a) and Acicarpha (Fig la) . Baillon (1880) suggested the existence of homology between the headlike inflorescences in Dipsacaceae and Calyceraceae, implying close relationship between these families. On the other hand, the similarities between both the families have been recently regarded as merely superficial (Lammers 1992, Gustafsson and Bremer 1995) , and consequently the position of the family in the order Dipsacales should be revised (Backlund 1996) .
On the cytological basis both families, although having similar chromosome numbers in some species (Table 1) , differ substantially in respect to their chromosome size, morphology and condensing behavior (Figs. 1-3) . Additionally, Calyceraceae (Acicarpha) presents areticulate interphase nuclei (Fig. la) differing not only from these of Dipsacaceae (Fig. 2a, d ), but also from all the other Dipsacales s.l. previously studied (Benko-Iseppon 1992, Benko-Iseppon and Morawetz 1993) . Regarding the chromocenters, it is noteworthy that Acicarpha have very sharp delimitated heterochromatic chromocenters (Fig. 1 a) differing from that of Dipsacaceae which present nebulous, not sharp delimited chromocenters.
These data suggest therefore that Calyceraceae does not belong to Dipsacales s.str. and has been positioned in this order due to some convergent morphological features (Wagenitz and Laing 1984 , Lammers 1992 , Gustafsson 1995 , Gustafsson and Bremer 1995 . Morphological characters (Lammers 1992 , Gustafsson 1995 , Gustafsson and Bremer 1995 , Carlquist and DeVore 1998 and molecular studies based on the rbcL sequences indicate a position of Calyceraceae, near to Asteraceae, Goodeniaceae and Menyanthaceae in the order Asterales (Michaels et al. 1993 , Cosner et al. 1994 , Gustafsson et al. 1996 . Indeed, many Asteraceae (e.g. Bidens, Vernonia, etc.) show similar proximal-early condensing behavior as Calyceraceae, having otherwise semi-reticulate interphase nuclei (Benko-Iseppon, unpub.). 
